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ABSTRACT 



A probablistic event store computer simulation of the artillery 
direct fire support system at brigade level is presented. The 
purpose of the model is to serve as a tool in evaluating changes in 
artillery fire support system effectiveness as system and battlefield 
parameters are varied. Parameters which are variable in the model 
pertain to the geometric configuration of the battlefield, artillery 
weapon employment configurations, artillery weapon ballistic parameters, 
weapon lethality, target configuration and vulnerability, artillery 
system time parameters, weapon position accuracy parameters, and target 
location accuracy parameters, A description of the model and a 
FORTRAN IV program listing are provided. 
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I. INTRODUCTION 



Current doctrine holds that the mission of the Army Field 
Artillery is 

**...to provide continuous and timely fire support to the force 
commander by destroying or neutralizing those targets that jeopardize 
the accomplishment of his mission**. 

In order to accomplish its mission the field artillery is 
required to support the maneuver forces with timely, close, and 
accurate fires on hostile maneuver elements, deliver counterbattery 
fires throughout its zone of responsibility, and add depth to 
combat by delivering fires on hostile logistical installations, 
reserves, etc.. 

In combat the field artillery operates as an integral part of the 
overall fire support system. Within the fire support system all 
fire support means are coordinated and integrated so that hostile 
targets are adequately attacked by appropriate means or available 
weapons. The field artillery fire support system thus operates as 
a subsystem of the larger overall force fire support system. 

The field artillery fire support system can be viewed as 
consisting of three basic subsystems each with basic functions as 
described bela^7. 

(1) Weapon Subsystem ; This subsystem consists of the actual 
artillery weapons, personnel, and auxiliary equipment. The function 
of the weapon subsystem is to prepare and fire projectiles in 
accordance with specific fire commands provided it. 
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(2) Target Acquisition Subsystem : This subsystem in its 



simplest form consists of a forward observer team* In more advanced 
systems this forward observer may be augmented by aerial observers, 
aerial reconnaissance, and radar. The function of the target 
acquisition subsystem is twofold. This subsystem has the responsi- 
bility for locating and identifying suitable targets for artillery 
fire. Secondly, in the case of the forward observer, the effects of 
artillery fire on the hostile targets are observed. Adjustments 
are made to the impact points in order to achieve the best possible 
results . 

(3) Command and Control Subsystem : The command and 

control subsystem consists of all elements necessary to coordinate 
and direct the actions of the other two subsystems. The function 
of this subsystem is basically to provide the necessary coordination 
and direction necessary for the proper utilization of these systems. 
The artillery fire support system command and control system is 
closely associated with the command and control system of the 
supported force. 

The effectiveness with which an artillery fire support system 
accomplishes its mission must by definition be evaluated in terms of 
speed, accuracy, and damage or casualty producing effect that the 
artillery fire support system achieves against hostile targets in 
specific situations. 

The effectiveness with which the overall system operates is a 
function of the effectiveness of the component subsystems. In each 
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of these subsystems, errors are introduced and time is consumed during 
the fire support process. In conducting a quantitative analytical 
evaluation of a specific system, one quickly encounters formidable 
mathematical obstacles. Broad generalizations are sometimes 
achievable; however, these seldom are of much operational value. 

Some typical questions which might be asked concerning a fire support 
system and for which a quantitative answer might be useful are: 

(1) Suppose weapon System A is replaced by weapon 
system B which has greater lethality. What increases in kill rate 
can be anticipated? 

(2) Suppose the current weapon employment configurations 
are modified. Will this modification yield any appreciable change 
in kill rate or some other suitably chosen measure of effectiveness? 

(3) How is some suitably chosen measure of effectiveness 
related to width of the battle front, or movement rate of the 
supported force? 

Questions such as those posed above can be extremely basic and 
important questions when artillery fire support system modifications 
are being considered or evaluated. 

Tlie purpose of this paper is to present a computer simulation 
model which may be of some assistance in answering questions such 
as those posed above. As a means of limiting the scope, the brigade 
level artillery fire support system was selected for modelling. The 
brigade is assumed to be conducting offensive operations. 
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II. THE BRIGADE LEVEL ARTILLERY FIRE SUPPORT SYSTEM 



At maneuver brigade level artillery fire support is normally 
provided by an artillery battalion consisting of three firing 
batteries. This section describes the brigade level artillery 
fire support system in terms of the basic subsystems identified 
in Section I. 

A. WEAPONS SUBSYSTEM 

The weapons subsystem normally consists of three firing 
batteries each conventionally with six artillery weapons. The 
weapons are employed in battery size elements. The batteries are 
located in the offense behind the front line a distance approximate 
ly equal to 1/3 the maximum range of the weapon. The units are 
located laterally as the situation dictates in such a manner as to 
provide the best possible coverage for the entire brigade front. 

B. TARGET ACQUISITION SUBSYSTEM 

At brigade level the target acquisition system normally 
consists of the forward observer sections, the battalion liaison 
officers, and the battalion countermortar section when available. 

Each of the committed maneuver companies in the brigade is pro 
vided an artillery forv7ard observer. The mission of the forward 
observer is threefold. First, the forward observer provides advice 
and recommendations concerning the use of artillery to the company 
commander. Secondly, the f onward observer serves as a fire support 
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assistant to the company commander. Thirdly, the forward observer 
adjusts the artillery when necessary to increase the effectiveness 
of the fire. The forward observer, being located with the maneuver 
element company commander, maintains an awareness for the availability 
of suitable targets for artillery fire. 

An artillery liaison officer is provided each of the maneuver 
battalions in the brigade. The LNO serves as the fire support 
coordinator for the maneuver battalion. In this capacity, the LNO 
also maintains a current awareness of the availability of suitable 
targets for artillery. The LNO maintains his duty station in the 
battalion operations center and thus is constantly aware of the 
current intelligence and operational situations. 

C. COMMAND AND CONTROL SUBSYSTEMS 

The command and control subsystem consists of a Fire Direction 
Center and a Fire Support Coordination Center. The functions of 
each of these centers is described belaw. 

1 , Fire Support Coordination Center 

The Fire Support Coordination Center is collocated with 
the brigade operations center and serves as the focal point for the 
coordination of all supporting fires delivered on surface targets. 

The goal of proper fire support coordination is the complete coordi- 
nated integration of all fire support means in an effort to ensure 
that each target is attacked in the most efficient manner. 

The commander of the artillery battalion has responsibility 
for fire support coordination for the brigade; he thus has responsibility 
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for the operation of the brigade Fire Support Coordination Center. 

His representative at the FSC is the artillery battalion liaison 
officer . 

2 . Fire Direction Center 

The Fire Direction Center (FDC) is that element which 
exercises tactical and technical fire direction of the battalion. 
Tactical fire direction consists primarily of selecting unit position 
areas and selecting the method of attack for targets being engaged. 
Technical fire direction, on the other hand, consists of the conver- 
sion of target location information and the results of the tactical 
fire direction decisions into suitable firing data for the weapons. 

The coordination and integration of the fire support 
means are carried out in these two centers. 

D. THE FIREPLAI>INING PROCESS 

In order to properly coordinate fire support, it is necessary 
that the need for fire support be anticipated when possible. The 
artillery fireplanning process is the process whereby the need for 
artillery is anticipated and the use of available resources is 
planned. Artillery fireplanning is a continuing process and is 
conducted at all levels concurrently. 

At the lowest level, the forward observer prepares target lists 
and fon^/ards them to the liaison officer at maneuver battalion. The 
LNO consolidates the lists and coordinates them where necessary, 
then forwards them to the artillery fire direction center. The 
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artillery battalion S3, in the FDC, receives the target lists and 
other requests for fire and coordinates the allocation of the 
available artillery resources to satisfy the various requirements 
for artillery fire. 

E. TYPES OF TARGETS 

Two basic classification systems are used for artillery targets. 
Targets are first classified according to the characteristics of the 
target itself. Under this system the target can be classified as 
either personnel, material, or a piece of terrain which warrants 
engagement by fire. 

Secondly, targets are classified as either being planned or 
unplanned. A planned target is a target which appears on one of the 
target lists described in the previous paragraph. A target of 
opportunity, or unplanned target, is a target which is observed or 
detected after an operation begins. Such a target has not been 
previously considered, analyzed, or planned and fire is frequently 
required immediately. 

The planned targets can be further subcategorized into scheduled 
and on-call targets. The distinction between the two is clear from 
the following definitions: 

(1) Scheduled Target . A target upon which fire is to be 
delivered at a specific time during an operation. 

(2) On-Call Target . A planned target, other than a 
scheduled target, for which a need is anticipated but which will be 
fired on request rather than at a specific time. 
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F. OFFENSIVE SUPPORTING FIRE 

When participating in the fireplanning process, those conducting 
fireplanning are guided by basic supporting fire requirements. 

There are three basic supporting fire requirements, namely: offense, 

defense, and a combination of the two. Since this model portrays 
the brigade in the offense, only the offense support requirements 
are considered. 

Supporting fire, in general, is fire delivered by supporting 
units to assist a unit engaged in combat. l^Jhen the supported unit 
is engaged in the offense, fires are planned to engage targets 
before the preparation phase, during the preparation phase, and 
during the attack. These different types of fires are each briefly 
described below: 

1. Fires Before the Preparation Phase 

Fires fired before a preparation phase normally consist of 
fire to cover the deployment and movement of troops, registration 
fire, and harrassing and and interdiction fire to restrict the enemy's 
movement and disrupt his command and control. 

2. Fires During the Preparation Phase 

Preparation fire is intense prearranged fire delivered in 
accordance with a time schedule to support an attack and is designed 
to disrupt the enemy's communications, to disorganize his defenses, 
and to neutralize his fire support means. Preparation fire starts 
before, at, or after H-hour and continues until it is lifted, either 
on a prearranged time schedule or on request of the assault elements. 
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3. Fires During the Attack 



Fires during the attack are those fires delivered to assist 
the advance of the supported unit. They consist of fires between 
the line of departure and the objective, fires on the objective, 
and fires beyond the objective. 

Targets generated in the fireplanning process generally include 
confirmed enemy locations, suspect enemy locations, likely enemy 
locations, and also prominent terrain features. 
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Ill, THE COMPUTER SIMULATION MODEL 



The computer simulation model is a computer representation of 
a brigade level offensive combat operation. Portrayed in the model 
are a maneuver brigade supported by a direct support artillery 
battalion. This section provides a description of the model. 

A. SCENARIO 

The battle area for the model is defined by the brigade left 
and right boundaries, the brigade rear area, and the brigade objective. 
The brigade area of responsibility is subdivided into two battalion 
areas of responsibility which are themselves each subdivided into two 
company areas of responsibility. The model thus portrays a brigade 
operating with a four company front. The brigade battle area is 
illustrated in Figure 1. 

The brigade is supported by a direct support artillery battalion 
consisting of three batteries of six weapons each. In addition to 
the direct support battalion, it is assumed that additional artillery 
battalions are available which are capable of augmenting the fires 
of the direct support battalion where necessary. These additional 
supporting battalions play no direct role in the simulation; however, 
their existence is necessary to assure an orderly progression during 
the computer simulation. 

The terrain is assumed to be flat and weather is considered to 
be conducive to unobstructed operations. Effects of changes in 
terrain and weather are not considered in the simulation. 
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FIGURE 1 
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There is no friendly attrition or resupply played during the 
course of the simulation. Units are considered to be free of any 
logistical constraints. In this regard, it is assumed that 
sufficient maneuver element personnel replacements exist to sustain 
the offensive once the attack begins. It is also the case that artil- 
lery units have sufficient ammunition immediately available to carry 
out any and all fire missions as the requirements for fire are 
generated. 

The initial phase of the simulation is a setup phase during 
which the initial situation is stochastically generated. Force 
objectives are described for each maneuver unit as are the unit 
lateral boundaries. Unit objectives are described by stochastically 
determining four basic objective characteristics for each objective, 
namely : 

(1) distance from the front line to the objective 

(2) length of the major axis 

(3) length of the minor axis 

(4) objective attitude 

Using these four characteristics, an objective for each unit is 
defined and positioned. Figure 2 illustrates the characteristics 
of the objective. 

After the unit objectives and lateral boundaries are specified 
and initial artillery fire plan is generated, the artillery batteries 
are positioned to support the fire plan. The battle is initiated by the 
firing of an artillery preparation in support of the attack on the unit 
initial objectives if one is called for by the fire plan. 
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The enemy force is simulated by randomly introducing targets 
upon v/hich artillery fire is required. Targets are independent of 
one another and no starting enemy force disposition is assumed. 

B. CONTROL AND MOVEMENT OF MANEUVER ELEMENTS 

Control of the maneuver elements is affected by the assignment 
of subsequent unit objectives as the need arises and the use of 
control states and coordinated attack times for interunit coordination 
purposes. Unit locations are represented in the model geometrically 
by a single geometric point. This point is called the unit "Fire 
Planning Center (FPC)". A unit FPC corresponds to the geometric 
center of the dispositions of a unit’s forward elements along the 
front line. Units are moved by moving the unit FPC. 

1. Control States 

Nine separate numbered control states for maneuver element 
control are used in the model. A description of each is as follows: 

a. Control State 1 

This state represents the planning state for the 
maneuver elements. I^ile in this state fireplanning is conducted. 

Each unit is initially in this state and the state is re-entered 
each time a unit objective is secured. The simulated unit remains 
in this state until the pre-generated attack time for the next 
maneuver phase is reached. 

b. Control State 2 

State 2 represents the movement from the unit line of 
departure (LOD) to a transfer grid at which final closure onto the 
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objective may begin. The relative location of the transfer grid from 
the unit objective is a function of the distance from the line of 
departure for the unit to the objective center. The transfer point 
is prespecified as being located 2/3 of the distance between the 
line of departure and the unit objective center. When a unit 
crosses the transfer grid, it passes to state 3 for control. 

c. Control State 3 

Closure onto the objective takes place while the unit 
is in control state 3. This state represents the unit movement from 
assault positions to the objective. While in state 3 the unit FPC 
is moved incrementally along a path leading directly to the 
objective center. 

d. Control State A 

This state simulates the actions of the unit on and 
near the objective up until the time the objective becomes secure. 

A company size unit enters state A when it reaches a point less than 
200 meters short of its objective center or a point on the far side 
of its objective center (indicating that the unit has fought through 
the objective). The logic controlling the assignment of state A to 
units larger than company is depicted in Figure 3. 

e. Control State 5 

A unit enters state 5 for control purposes when its 
objective has been secured and the unit objective is not located 
on the brigade objective. This state is intended to simulate the 
reorganization and control which takes place once an objective is 
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secure. The program logic involved in the assignment of this 
control state is shown in Figure A, 

f. Control State 6 

Control in this state pertains to freedom of movement. 
During the progression of the simulation, a unit FPC is never 
allowed to advance when it is ahead of its sister unit by more than 
a specified separation distance. The distance used is 1/5 the 
distance from the unit line of departure to the objective center, 
I'Then a unit enters this state, movement becomes restricted. The 
algorithm controlling unit movement is shown in Figure 8, 

g. Control States 7, 8, 9 

Once a unit enters state 5, it becomes eligible for 
the assignment of a subsequent objective. The subsequent objective 
can be either independent of the next higher objective or can be 
a portion of this objective. The assignment rules for new 
objectives are illustrated in Figure 5 and Figure 6, A unit is 
placed in control state 7 if, when the new objective is generated, 
the objective is found to be independent of the next higher unit 
objective. Control state 8 is assigned if this is not the case. 
Control state 9 is assigned if the next objective is the unit’s 
final objective for the simulation. The nine control states are 
interrelated as shox^ in Figure 7, 

2 . Attack Coordination 

After a unit objective is secure and a new objective is 
assigned, a new attack time is established which coordinates the 
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unit movement with that of the remaining units. Two or more units 
are assigned identical attack times in the following situations: 

a. Two companies of the same battalion have new 
objectives on the battalion objective. 

b. Attack is initiated on a new battalion objective. 

c. Both battalions have new objectives on the brigade 
objective . 

In addition to having identical attack times assigned in the 
situations described above, fireplanning is coordinated as 
depicted in Figure 9. 

3. Unit Movement 

Company size units are moved by moving their respective 
fire planning centers. Movement of the battalions and the brigade 
is then reflected by the resulting displacement of their FPC’s. 
Decision rules used to govern unit movement are shown in Figure 8. 

A . The Update Sequence 

Every ten minutes and one second before generation of an 
artillery target of opportunity, the model goes through an update 
sequence. This sequence consists of four basic steps, namely: 

a. Step 1 

Unit fire planning centers are updated. This is 
accomplished as described in paragraph B,3 above. 

b. Step 2 

Unit control states are verified for each unit. It is 
during this step that changes in unit status are made. 
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c. Step 3 



New objectives are assigned if the need exists. This 
step is described in paragraph B,1 above, 
d. Step 4 

Unit attack times and fire planning are coordinated 
if a need exists for coordination. 

The update sequence is controlled by Subroutine DECIS. 

The sequence is shown diagraijimatically in Figure 10. 

C. POSITIONING, MOVEMENT, AND CONTROL OF ARTILLERY UNITS AND WEAPONS 
Initially, an artillery battery is positioned behind the geometric 
center of the front line of each of the maneuver battalions. The 
third battery is positioned in the center of the brigade area of 
responsibility. The exact location of each battery in northing and 
easting is a normal variate about the respective fireplanning centers 
of the maneuver elements involved. 

The azimuth of fire of each battery is initially the angle from 
the battery center to the center of mass of all company level planned 
targets. In subsequent position areas, the azimuth of fire for each 
battery is computed in an analogous manner with the exception that 
the centers of mass used are the company planned target center of 
mass points for the appropriate battalions. The center battery 
in subsequent position areas is layed on the center of mass of 
company level planned targets for all companies. In the event that 
there are no company level planned targets at a particular time, 
a default azimuth of fire of 0000 mils is assigned. 
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Each weapon in the battery is positioned with respect to the 
battery center based on input parameters. The parameters describe the 
bounds on the x and y coordinates of each weapon in a coordinate 
system with origin at the battery center and positive y axis aligned 
along the direction fo fire. 

Each artillery battery position is validated as still being 
within supporting range every 10 minutes during the simulation. 

A battery is said to be in supporting range of the respective unit 
if the distance between the battery center and the appropriate FPC 
is less than 2/3 the maximum range. When some battery is greater 
than a distance of 2/3 maximum range, it is moved provided two 
conditions are satisfied. First, no unit can move while it is 
engaged in a fire mission. If the unit selected to move is engaged 
in a fire mission, the time for the move is delayed until the mission 
is completed. Secondly, only a single unit is permitted to move at 
any particular time. In the event that a unit is selected for 
movement but the movement is constrained, the decision cycle is 
halved from 10 to five minutes. The movement logic is shown in 
Figure 11. 

Control of the artillery batteries is established using three 
states described as follows: 

1. State 1 

The unit is not engaged in a fire mission. The unit is free 
to move provided no other artillery units are moving. 



33 



START 




DO FOR 
EACH UNIT 



J 

IS UNIT 
GREATER THAN 
RMAX BACK OF 
FERA 

nzm 

MOVE max 

t •••• 

CONTINUE 

— i=z 




ARTIU.FRY MOVF.^^r:ST EOCIC 



FIGURE 11 






2. State 2 



The unit is actively engaged in a fire mission. Movement 
must be delayed until the fire mission is completed. 

3. State 3 

The unit is moving. While the unit is moving, it is not 
available for fire missions. 

D. FIREPLANNING AND FIRE ALLOCATION 

The types of planned targets simulated in the model are as 
follows : 

1. Scheduled Target 

A scheduled target is one for which a need can be anticipated 
for artillery fire. Tliis type of target is engaged at some pre- 
specified time without any additional request for fire. 

2. On-Call Target 

An on-call target is one for which a need for fire is 
anticipated; however, no precise engagement time can be prespecified. 

3. Preparation Target 

A preparatory target is one which will be engaged in support 
of the initial phase of the attack. All preparation type targets 
are engaged in accordance with a specified fire plan which is generated 
in the model. 

Planned targets are further categorized into three subcategories 
according to relative location. Targets are classified as lying 
between the lines of departure (or FEBA) and the objective, on the 
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objective, and beyond the objective. The probability that an 
arbitrary planned target falls in one of these location categories 
is conditioned on the actual fireplanning stage. The specific 
probabilities involved are a function of unit size and stage. For 
fireplanning purposes a maneuver element can be in one of two stages, 
stage 1 or stage 2. A specific unit is considered to be in stage 1 
if it is in control state 1; otherwise it is considered to be in 
stage 2. 

The number of targets which will be planned at a given time is a 
function of the fireplanning stage a unit is in when fireplanning 
takes place. In this model the total number of targets selected is 
a conditional discrete random variable. Actual target locations 
are determined in routines which are described in paragraph E. 

The fireplanning process is described diagrammatically in Figure 12. 

Fire allocation consists of assigning responsibility for a 
specific target to a specific artillery unit. In this model, target 
responsibility is assigned to battery level. In the case of scheduled 
targets, one battery is assigned responsibility for all targets 
generated by a specific battalion. The center battery is assigned 
responsibility for the targets scheduled by the brigade. The time 
for fire is based on the distance between the brigade fireplanning 
center and the target and the brigade mean rate of advance which is an 
input parameter. 

Preparatory targets are assigned to specific units based on range, 
time for attack, and an equitable distribution of responsibility. In 



36 




FIRKPLANNING ir/CTC 



FIGirRE 12 



allocating the preparatory fires, the model determines the total number 
of units which are within range of each target first. Those targets 
V7hich can be reached by the fewest number of units are then assigned 
to the unit which can engage the fewest number of targets. The time 
for attack is based upon the number of targets a specific unit must 
engage during the preparatory fire phase. The time increment used 
is two minutes per target. If, for example, a unit had three targets 
to engage, the first would be engaged at the attack hour (HHOUR) 
minus four minutes, the second at HHOUR minus two minutes, and the 
last at HHOUR. 

E. LOCATION AND DESCRIPTION OF TARGETS 

There are two separate target location routines in the model, 
one for planned targets and the other for unplanned targets. The 
scheduled targets are located based upon the general location 
category which applies. The categories and a brief discussion of the 
algorithms in each case are given below: 

1. Planned Target 

For the purposes of target location the term '‘planned 
target" applies to all targets which are not classified as targets 
of opportunity. Due to this distinction, all planned targets can be 
further categorized into one of three general location categories, 
namely: bet\^ 7 een the line of departure (or FEBA) and the objective, 

on the objective, and beyond the objective. The exact easting and 
northing coordinates of the target centers are considered to be 
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Independent uniform variates. The bounds applicable for each 
category for a particular unit are as shown in Figure 14. 

2. Target of Opportunity 

A target of opportunity has associated with it one of the 
four maneuver companies. The location of a target of opportunity 
is related to the unit boundaries as shown in Figure 15. In this case 
the easting and northing coordinates are independent uniform variates. 
The edges of the box in Figure 15 define the endpoints of the appro- 
priate intervals. 

All targets in the model are assumed to be personnel targets. 

Two general size categories are available. The input parameters 
define the size parameters and the probability that a random target 
will belong to one of the two categories. 

Targets in the model are portrayed by arranging a random 
number of target elements uniformly within a rectangular array. 

For purposes of target geometrical description, three zones are 
defined and identified as Zone 1, Zone 2, and Zone 3. The target- 
zone organization is shown in Figure 16. The zones have the 
following significance: 

1. Zone 1 

Zone 1 is that geographical area within which 50% of the 
target elements are located. 

2. Zone 2 

The geographical area within which 40% of the target 
elements lie. 
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3. Zone 3 



That area within which the remaining 10% of the target 
elements are located. 

Within each zone the exact location of a specified target element 
is described by easting and northing coordinates which are independent 
uniform variates having the respective zone boundaries as bounds. 

The logic involved in describing a target is shown in Figure 17. 

All targets are considered to be stationary and homogeneous. The 
lethality considerations involved are discussed in paragraph J below. 

A preset probability of 0.3 is used in the model to determine 
if there is, in fact, a target located at the designated point in the 
case of planned targets. If it is determined that there is a 
target there, it is considered to fall into size Category II. 

F. ERRORS IN THE FIRE SUPPORT SYSTEM 

The errors simulated in the model can be categorized as firing 
errors and non-firing errors. The basic non-firing errors included 
are: 

1. Artillery Unit Position Error 

Artillery unit position error is defined as the deviation in 
easting and northing of the actual unit center from that which was 
assigned. The result of this error is felt in the firing process 
by virtue of the fact that the assigned location is that location 
from which the unit firing data are computed. Tlie result is a 
constant error component in the total round error term. This error 
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is normally compensated for in the adjustment process. The two 



components of this error, deflection and range, are assumed to be 
independently distributed normal variates with mean, y = 0, and 
variance a^, input as a model parameter. 

2* Target Location Error 

Target location error is defined as the deviation of the 
actual target location from that reported by the forward observer. 

This error is applied when targets of opportunity are being engaged. 

In this case, the error is compensated for in the artillery adjust- 
ment process. If no adjustment takes place, the round impact point 
will have a constant error component equal to the target location error. 

This error is assumed to be a function of the distance ben^een 
the forward observer and the actual target. Tlie error is expressed 
in the model as consisting of a distance component and a deflection 
component. Tliese components are independently distributed normal 
variates with means equal 0 and variances given by the relationships: 

V , . = a + bx 

dist 



V, - =5 c + dx 

def 



where 



V,. = Variance of the distribution of the distance component 

dist 

V, ^ = Variance of the distribution of the deflection component 

def 

X = Distance between the forward observer and the target 
expressed in meters 

**a" , *’b**, **c”, and ”d" are input parameters to the model. 
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3. Burst Location Error 



Burst location error is defined as the deviation betv;een 
the actual burst location and the location sensed by the forward 
observer in the adjustment process, T\\±s error is also assumed 
to be expressible as independently distributed normal variates with 
distribution parameters defined in the same fashion as those for the 
target location error. 

The only firing error simulated in the model is the terminal 
ballistic error. The basis for information concerning this error 
is **probable error** information tabulated experimentally and 
disseminated for use in the current weapon firing tables. The 
**probable error** in either range or deflection is defined as the 
distance within which 50% of the rounds should fall in either 
deflection or range as appropriate. This infonnation is input to 
the model and internally converted to distribution variances. The 
range dispersion and the deflection dispersion are assumed to be 
independently distributed normal variates with mean equal 0 and 
variances a function of range and the probable errors as discussed 
above. Chebychev’s inequality and application of the definition of 
probable error are used to convert a probable error into a distribu- 
tion variance for some specific range. 

Other ballistic firing errors such as internal ballistic 
errors and errors due to nonstandard meteorological conditions 
are not represented in the model. 
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G. TIME FACTORS IN THE FIRE SUPPORT SYSTEM 

The time factors included in the model can be categorized as 
pertaining to the maneuver elements or to the artillery, 

!• Time Factors for the Maneuver Elements 

The maneuver element times considered were: 

a. Movement Rate 

The movement rate is assumed to be a uniform random 
variable measured in kilometers/hour . Each time a unit is required 
to move during the simulation, the movement rate to apply for the move 

is obtained by sampling from the distribution. The variation in the 

rate is assumed to compensate for variation in terrain, etc.. Dif- 
ferent type units can be portrayed from a mobility point of view 
by proper selection of the movement rate. 

b. Search and Seizure Time on the Objective 

This factor is used to account for the time a unit 

requires once it reaches an objective to secure the objective. 

During the simulation a unit objective is not classified as secure 
until the unit has been on the objective for this specified period 
of time. The time increment used in the model is forty-five minutes 
and is fixed. 

c. Reorganization and Consolidation Time 

This time factor accounts for the time it takes a 
unit to plan, reorganize, and resupply itself once an objective has 
been secured. A unit is not allowed to continue the attack in the 
model until some random time after the unit has secured its objective. 
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This time increment is a uniformly distributed random 



variable. The distributions are dependent upon the unit size and 
situation as described below; 

Case I . Both battalions have as their new 
objectives portions of the brigade objective. In this case all companies 
conduct a coordinated attack. The time required to coordinate the 
attack is a uniform variate measured in seconds with lower and upper 
bounds of 2A00 seconds and A200 seconds respectively. 

Case II . One of the battalions is assigned a new 
objective not on the brigade objective. In this case, the planning 
time increment is a uniform variate measured in seconds with lower 
and upper bounds of 1800 seconds and 3600 seconds respectively. 

Case III . Both companies of a battalion have new 
objectives on their battalion objective where the battalion objective 
is not the brigade objective. In this case, the planning time incre- 
ment is uniformly distributed with lower and upper bounds of 1800 
seconds and 2400 seconds respectively. 

(4) Case IV. A company has a new objective not a portion 
of the battalion objective and the present company objective is not 
on the battalion objective. The planning time is a uniform variate 
with lower and upper bounds of 900 seconds and 1800 seconds respectively. 

2. Artillery Movement and Preparedness Times 
a . Mo vemen t Ra t e 

The movement rate is measured in kilometers/hour and 
is treated as a normal random variable in the model. The variation 
makes allowances for varying terrain and security conditions. 
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b, March Order Time 



The march order time is the time interval between time 
of receipt of an order to move and the time the unit is in march 
formation ready to proceed with the movement. This time increment is 
assumed to be a normal variate measured in seconds. 

c. Emplacement Time 

The emplacement time is the time interval from the time 
the unit arrives at the new position area and the time the unit is 
ready to engage a target. The time is a normal variate measured in 
seconds . 

3. Fire Mssion Processing Times 

Time required to process a particular fire mission is a 
function of the type of mission. Each of the individual time increments 
in the firing chain is a truncated normal variate. The parameters 
defining the distributions of these variates are input parameters. 

A description of the total processing time for each type mission is 
given below: 

a. Target of Opportunity 

There are three distinct phases of an engagement of a 

target of opportunity, namely: the mission preparation phase, the 

adjustment phase, and the fire for effect phase. If T^ is the time 

required for the forward observer to prepare a request for fire, 

T^ is the time required for the observer to transmit the request for 

fire to the fire direction center, and T is the time required for the 

a 
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fire direction center to analyze the target, select units to fire, 
compute the firing data, and transmit the data to the firing units, 
then the time required for the mission preparation phase, is 

simply 

T « T + T + T 
1 p t a 

If is the time required for the fire unit to prepare and fire 

the ith volley in adjustment; is the time of flight for the ith 

volley; is the time required by the forward observer to determine 

the necessary adjustment corrections for the 8th volley and transmit 

them to the fire direction center; is the time required for the 

fire direction center to compute subsequent firing data for the ith 

volley and transmit it to the adjusting battery; and N is the 

a 

number of volleys required for the adjustment, which is a random 
variable, then the time required for the adjustment phase, is 

N N -1 

■^2 - I ’■‘f + * -^c ^ i; . 

i=l j=l ^ 

For the fire for effect phase, a distinction must be made 
concerning the method for determining subsequent aimpoints after the 
first. Two mission types are defined to make the distinction clear: 

(1) Mission Type 1 : volleys are fired, all volleys 

fired at the same aimpoint. 

(2) Mission Type 2 ; volleys are fired, all volleys 

being fired at different aimpoints. 
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If is the time required for the fire direction center to 

compute firing data for a new mass point, determine the mass point, 

and transmit the data to the firing units; is the time required 

for a fire unit to prepare and fire a new volley assuming the firing 

data are different from the last volley; and F ^ is the same as F , 

p2 pi 

except that it is assumed the same data are fired each time; then T^, 
the time required for the fire for effect phase is 

N 

1 1 ^ 1 i 

T. = F + F , + T + y f\ + T 
3 a pi o ^ p2 o 

i=2 



for a mission of type 1, or 

N 

^ i i 

T = r F + F^ 
3 a 



1 + T 
pi o 



i=l 



in the case of mission type 2. 

Tlie total time required for a target of opportunity type mission, 

T.., is then 
M 



T = 
M 



T + T + T 
12 ^3 



b. Scheduled Targets 

In the case of scheduled targets, the determination of 
the initial aimpoint, computation of firing data, and transmission of 
firing data to the fire units are accomplished during slack time. It 
is assumed in the model that the initial volley in the case of a 
scheduled target is fired at a specified time. Using the same notation 
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developed above, then, the time required for a scheduled target is 



« T + 
M o 



E 

i=2 



p2 o 



for a type 1 mission, or 



N 



I 

i=2 



+ F^, + 

a pi o 



for a type 2 mission* 

c. Preparatory Targets 

In the case of preparatory targets, the target is always 
engaged with a single volley* In the event that there is more than 
a single target in the preparatory fires scheduled for the same unit, 
the targets are scheduled two minutes apart* The only time considera- 
tion for this type target is the time of flight for the volley. 



H* TARGET ENGAGEMENT STRATEGY 

The strategy used to engage a specific target is dependent 
upon the type target being engaged primarily. The engagement strategy 
in the case of a target of opportunity consists of a decision as to 
whether or not an adjustment will be conducted, a decision concerning 
the number of volleys to be fired in effect, and an algorithm for 
determining what specific aimpoint will be used for each of the volleys. 

In the simulation the number of volleys to be used in fire for 
effect is a discrete random variable the distribution for which is an 
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input parameter. The model provides for different distributions for 
targets of opportunity with adjustment and scheduled targets or 
targets of opportunity without adjustment. 

The specific aimpoint for a particular volley in fire for effect 
is a random variable. For purposes of determining the aimpoint, a 
rectangle of specified dimensions is superimposed over the reported 
or adjusted target location. The sides of the rectangle then define 
the upper and lower limits in range and deflection for the two 
distributions. The coordinates in easting and northing of the aim- 
point are considered to be two independently distributed uniform 
variates. 

The selection of a specific aimpoint then depends in part upon 
the dimensions of the rectangle. The model provides for the 
specification of up to eight different sets of specifications and 
two eight point probability distributions on these specifications. 

One distribution applies to missions in which adjustment takes place; 
the other deals with the case where adjustment does not take place. 

In both cases, the first set of specifications provides for the same 
aimpoint being used for each volley in the fire for effect phase. 

In the case of preparatory targets, the engagement strategy is 
fixed. In this case, a single volley from a single battery is 
fired on the reported target location. 

I. TARGET ENGAGEMENT SEQUENCE 

The sequence used in firing a target of opportunity is shown in 
Figure 18. The adjustment sequence is described in greater detail in 
Figure 19 • 
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TARGET OF OPPORTUNITY SEQUENCE 



riCURE 18 
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ADJUSmNT SEQUIIKCE 



nCURE 19 
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Scheduled targets are engaged using the sequence in Figure 20, 
Preparatory targets use the sequence in Figure 21. 

Fire missions are fired as they are generated if units are 
available. Once the engagement of a target is initiated, it is con- 
tinued without interruption until the mission is terminated. In the 
event a mission cannot be fired when the need arises, the mission is 
placed in a queue until a unit becomes available. There are four 
queues arranged in priority from one to four. The type target and 
queue priority are sho^m below: 

(1) Target of Opportunity 

(2) Preparatory Target 

(3) Scheduled Target 

(4) On-Call Target 

Upon the completion of a fire mission, the queues are checked 
in order of priority and if a target is in the queue it is engaged 
next. In the event of multiple targets in a queue of the same 
priority, a first-in first-out rule is used. 

J. LETHALITY AND DAMAGE ASSESS^^ENT 

The targets in the model are homogeneous stationary targets. 

They are homogeneous to the extent that all target elements are subject 
to the same lethality function. In actuality, each target element would 
probably be subject to a different lethality function. For example, 
an element in a dug-in position with overhead cover some X distance 
from a burst would not have the same probability of becoming a 
casualty as another target element the same distance away standing in 
an erect position. 
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SEQUENCE FOR SCHEDULED TAJIGET 



FIGURE 20 
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DAMAGE ASSESSMENT FOR A SINGLE VOLLEY 



FIGURE 12 
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It has been shown empirically that target lethality can be described 
generally as follows (See Weiss) : 

2 

- X 

f(x) « e ~ 

g 

In the above relation, f(x) represents the probability that 
some target element x distance from the burst point will become 
a casualty. Ttie symbol g represents the parameter of the function. 

One would expect that 

g « g(r^, r^, . . , r^) 

where r^ represents some effect due to specific target element 
characteristics or the characteristics of the round being fired such 
as average size of fragmentation, etc.. Since the target set is 
considered homogeneous and only a single type round is considered 
available to the units, g becomes a specified parameter and is 
applicable to each burst and target element combination. 

In accomplishing damage assessment each burst is located and the 
distance to each target element is determined. This distance is the 
independent argument of the lethality function. Tlie resulting probability 
of becoming a casualty is determined and the outcome is determined 
by sampling from a uniform distribution. 
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IV. EFFECTIVENESS MODEL 



Two basic measures of effectiveness are considered in the model, 
casualty producing rate and the average number of rounds per casualty 
inflicted. Each of these measures is described briefly in this section. 

If T^ is the total engagement time in seconds for the kth 
target (where the kth target is a target of opportunity) and is 
the total number of casualties inflicted on the target, then R, 
the casualty producing rate, is expressed as 



At the completion of the simulation run, the value of R is 
calculated and the result is listed in the output report. In 
addition to the aggregate casualty rate, the casualty producing rate 
applicable to each target of opportunity is also calculated and is 
an element in the target history summary for that particular target. 

Tlie average number of rounds per casualty is calculated using 




where : 

N ~ Total casualties inflicted on targets of opportunity 
T = Total rounds fired on targets of opportunity 



n 



T 




n 
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Similarly, as above, the appropriate number of rounds per casualty 
for each target of opportunity is calculated for each separate target 
also and is an element in the target history summary for that target. 

The basic queue statistics for each of the four queues are also 
provided and serve as secondary measures of effectiveness. For each 
queue, the average queue length and the average time in the queue for 
all targets spending time in the queue are provided. The average 
queue length for each queue is estimated by sampling each queue every 
10 seconds during the simulation and then taking a simple average. 

Tlie average amount of time spent in the queue for targets entering 
the queue is computed for each queue by taking the simple average over 
all targets entering the queue in questions, i.e., if is the average 
time in queue m then 



N 




i=l 



N 



where: 



T^ = Time the ith target in the queue left the queue 
T^ = Time the ith target entered the queue 



N = Total number of targets entering the queue 
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V. DISCUSSION OF THE MODEL 



Some typical questions which might be asked concerning an 
artillery fire support system were introduced in the Introduction 
to this paper. It is the purpose of this section to enumerate 
some areas in which this model might be a useful analytical tool and 
to discuss some basic limitations of the model. 

A. POTENTIAL AREAS FOR USE 

Potential areas for use are closely related to those system 
variables which were selected as parameters in the modelling process. 
These parameters are entered in the input data stream. The parameters 
can be categorized as pertaining to the following areas: (1) the 

geometric characteristics of the battlefield and the maneuver force; 
(2) force movement rates; (3) time factors in the target engagement 
sequence; (4) geometrical and lethality characteristics of the target 
complex; (5) target attack strategies; (6) ballistic dispersion; 

(7) artillery employment configurations; (8) location errors to 
include artillery unit location errors, burst location errors, and 
target location errors. 

Through the manipulation of the geometric characteristics of the 
battlefield, the model can be used to gain insight into a number of 
basic areas, several of which are as follows: 

(1) Varying the front line widths can give insight into the 
sensitivity of the measures of effectiveness to these changes. As the 
front line width is increased without bound a point is reached where 
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the supporting artillery is unable to support elements at the extremes 
of the front line due to the range limitations of the weapon system. 

The interaction and interdependencies in front line width, maximum 
weapon range, and artillery unit employment policy in terms of lateral 
dispersion of fire units and depth displacement can be analyzed as 
they pertain to the measures of effectiveness. 

(2) The distance to the unit objectives has implications 
on the number of times the supporting artillery units must move 
forward to support the force, which in turn has an effect on the 
number of weapons and units available at a given time to satisfy the 
mission requirements. The model can be used to study the sensitivity 
of the basic measures of effectiveness to changes in the objective 
distance. In this regard, weapon maximum range and the movement 
rates can also be varied to determine v/hat interactions might exist 
betv/een these, the measures of effectiveness, and the objective 
distance. 

Manipulation of the force movement rates can provide insight 
into the following basic areas: 

(1) As the movement rate of the maneuver force increases, 
it generally becomes more difficult for the artillery to provide 
continuous and timely support. The model can be used to investigate 
the relationship which might exist between the movement rate of the 
supported force, weapon maximum range, employment policy, etc., and the 
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measures of effectiveness. 



(2) The effect of movement rate of the artillery units on the 
measures of effectiveness can also be investigated. 

The time factors in the engagement sequence can be manipulated 
to study the relationship between the average queue length and the 
time required to process a mission. 

The target characteristics can be manipulated in terms of 
density, length and width, and vulnerability in terms of lethality 
characteristics of the weapon target combination, in order to study 
the sensitivity of the measures of effectiveness to changes in these 
parameters , 

Other studies similar to the above can be conducted pertaining 
to the other parameters. The sensitivity of the effectiveness measures 
to the precision with which the forward observer locates the target 
can slso be investigated. The relative effectiveness of different 
artillery battery configurations can also be investigated. 

B. MODEL LIMITATIONS 

There are several basic limitations in the model. Time and 
resources did not permit the empirical verification of the form 
of the underlying distributions for the random variables in the 
model. An effort was made to select from the more common distribu- 
tions those forms which were most likely from an experience point 
of view. Representation of the variances of distribution in some 
cases as linear functions of range is likewise not supported by 
empirical evidence. The purpose here was to interject a range 
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dependence on the appropriate error in as simple a fashion as possible. 
Any investigation to which this is a critical factor should include 
a more careful modelling of this particular aspect. 

While an attempt was made to include most factors in the model 
which were basic from a system design point of view, many were 
out of necessity omitted. Two of the more basic factors omitted 
were logistical constraints and the absence of any error introduced 
by varying meteorological conditions. 

Due to the physical storage constraints in the computer, there 
is an upper bound on the size of the storage arrays which can be 
used for storage of critical information. It is possible to select 
input parameters which will generate more targets than the program 
is designed to handle simultaneously. In the event insufficient 
storage is available to handle such cases, the program includes a 
routine to print out a suitable message to indicate to the user that 
overflow conditions have been detected and to identify the particular 
array which is in an overflow condition. Upon the detection of such 
a condition, the program terminates. The run statistics up until 
this time are presented prior to termination as if the run had made 
a normal termination by the brigade achieving the final objective. 
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APPENDIX A 



Program Names 



Data is stored in the model in table form. There are three 
principal tables for storage of information pertaining to units and 
targets, namely: GDATA, ARDATA, and TGT. A fourth table, PRDATA, 

is the storage medium for parameters of the probability distributions 
in the model. 

This appendix is organized into five tabs, Tab 1 - Tab 5. Tab 1 

through Tab 4 describe the contents of the four tables previously 

mentioned. Tab 5 identifies the principal miscellaneous variables in 

the computer program. The tabs are organized as follows: 

Tab 1 - GDATA Table 
Tab 2 - ARDATA Table 
Tab 3 - TGT Table 
Tab 4 - PRDATA Table 
Tab 5 - Miscellaneous 
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Tab 1 



This table contains 


APPENDIX A 
GDATA TABLE 

all information pertaining to each of the 



seven maneuver elements in the model. The table is organized into 
seven rows (one for each unit) of 20 columns each (7x20). The table 
entries are identified as follcn'/s: 



GDATA(I,1) 


Unit identifier for Unit I. 


GDATA(I,2) 


Current control state for Unit I. 


GDATA(I,3) 


Easting coordinate of- the west front 
line end point for Unit I. 


GDATA (I, 4) 


Northing coordinate of the west front 
line end point for Unit I. 


GDATA(I,5) 


Easting coordinate of the east front 
line end point for Unit I. 


GDATA(I,6) 


Northing coordinate of the east front 
line end point for Unit I. 


GDATA(I,7) 


Easting coordinate for the current 
objective center for Unit I. 


GDATA(I,8) 


Northing coordinate for the current 
objective center for Unit I. 


GDATA(I,9) 


Length of the major axis for the current 
Unit I objective. 


GDATA (I, 10) 


Length of the minor axis for the 
current Unit I objective. 


GDATA(I,11) 


Attitude of Unit I objective. The 
attitude is defined as the clockwise 
angle measured in radians from true 
North to the minor axis of the objective. 
The angle is a uniform variate in the 
interval (- .528,+. 528) . 
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GDATA(I,12) 


Easting coordinate of the 
current fire planning center for 
Unit !• 


GDATA(I,13) 


Northing coordinate for the current 
fire planning center for Unit I. 


GDATA(I,1A) 


Current time in seconds 


GDATA(I,15) 


Time Unit I entered State 4. If 
Unit I is not in State 4, this entry 
is 0. 


GDATA(I,16) 


Bit indicating the engagement status 
for Unit I. This entry can have 
value 1 or 0 with the following 
significance: 

0 - Not currently engaged 

1 - Currently engaged 

A unit is declared to be engaged in 
the event a target of opportunity 
originated by the unit is being 
processed. Accordingly, only units 
1~4 can become engaged. 


GDATA(I,17) 


Easting coordinate of the geometric 
center of the front line for Unit I. 


GDATA(I,18) 


Time Unit I became engaged. If the 
unit is not engaged, this entry has 
no significance. 


GDATA(I,19) 


Initial distance to current Unit I 
objective. 


GDATA(I,20) 


If the current Unit I objective is a 
portion of the next higher unit 
objective, this entry has a value of 
1. Otherwise, the value is 0. 
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Tab 2 



APPENDIX A 
ARDATA TABLE 

This table contains all the information pertaining to each of 
the artiller>^ units in the model with the exception of the reinforcing 
artillery unit. This table is dimensioned 4x7x16, Table entries have 
the following significance: 



ARDATA(I,J,1) 


Weapon designator for the Jth weapon 
in Battery I, I takes on values 1,3. 
J takes on values 1,6, 


ARDATA(I,7,2) 


Current state of Battery I. If the 
battery is not engaged, this entry 
has value 1. If the battery is 
engaged, the value is 2, If the bat- 
tery is moving, the value is 3. 


ARDATA(I,J,3) 


The easting coordinate for the actual 
location of the Jth weapon in Battery I, 


ARDATA(I,J,A) 


The northing coordinate for the actual 
location of the Jth weapon in Battery I, 


ARDATA(I,7,3) 


The easting coordinate of the actual 
geometric center of the weapons in 
Battery I, 


ARDATA(I,7,A) 


Tlie northing coordinate of the actual 
geometric center of the weapons in 
Battery I, 


ARDATA(I,7,6) 


Azimuth of lay for the Ith Battery. The 
azimuth of lay is defined as the clock- 
wise angle measured in radians from 
true North to the base direction for the 
weapons, Tlie weapons are positioned 
about a line perpendicular to the 
azimuth of lay running through the 
battery center. 



ARDATA(I,7,7) 


Easting coordinate of the location 
assigned to the Ith Battery as its 
next position area. 


ARDATA(I,7,8) 


Northing coordinate of the location 
assigned to Battery I as its next 
position area. 


ARDATA(I,7,9) 


Current position error in easting for 
the Ith Battery. This component is 
computed using the relation: 

ARDATA(I,7,9) = ARDATA(L,7,3)~ 
ARDATA(I,7,7) 


ARDATA(I,7,10) 


Current position error in northing 
for the Ith Battery. The relation 
used to compute this is: 

ARDATA(I,7,10) = ARDATA(I, 7 ,4)- 
ARDATA(I,7,8) 


ARDATA(I,7,13) 


Cumulative rounds fired by Battery I. 


ARDATA(I,7,1A) 


If Battery I is engaged this entry 
gives the priority rating of the 
target being engaged. The ratings are 

1 - Target of Opportunity 

2 “ Preparatory Target 

3 - Scheduled Target 

4 - On-Call Target 



Note: Table entries not identified above are open storage locations 

and as such have no preassigned meaning. 
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APPENDIX A 
TGT TABLE 

Tliis table contains all the information pertaining to each 
target in the model from the time the target is generated until 
action is completed on the target. The table is dimensioned 250x40. 
Each of the table entries is identified as follows: 



TGT (1,1) 


Target number assigned to the 
Ith target. 


TGT(I,2) 


Maneuver element generating 
the requirement for fire. 


TGT (I, 3) 


Actual easting coordinate of the 
target. 


TGT (I, 4) 


Actual northing coordinate of the 
target. 


TGT(I,5) 


If the target is a scheduled target, 
this entry is 1. Otherwise, the 
entry is 0. 


TGT (I, 6) 


If the target is an on-'Call target, 
this entry is 1. Otherwise, the 
entry is 0. 


TGT(I,7) 


If the target is a preparatory 
target, this entry is 1. Otherwise, 
the entry is 0. 


TGT (I, 8) 


Time the target is scheduled (applies 
only in the case of the scheduled 
or preparatory target) . 


TGT(I,9) 


If the target is a target of oppor- 
tunity, this entry is 1. Otherwise, 
the entry is 0. 


TGT (I, 10) 


Time the target was originated. 



TGT(I,11) 


Artillery unit having responsibility 
for this target. If the target is 
a prep or scheduled target, the unit 
scheduled to fire is entered here. 

If the target is a target of opportunity, 
the entry is A representing the battalion. 
If supporting artillery is used, the 
entry is 100. 


TGT(I,12) 


Time the mission was completed. 


TGT(I,13) 


Cumulative rounds expended on this 
target. 


TGT(I,1A) 


Casualties inflicted on this target. 


TGT(1, 15-17) 


Artillery battery capability descrip- 
tion indicator. A value of 1 indicates 
a battery is in range, a 0 indicates a 
battery is not in range. Batteries are 
listed in numerical order in cells 
15-17. 


TGT(I,18) 


Total number of units in range of the 
target . 


TGT(I,20) 


If the target is a scheduled or 
preparatory target, this entry is 
the row number in the event list 
(RVLIST) which corresponds to the 
target engagement event. 


TGT(I,21) 


Easting component of target location 
error. 


TGT(I,22) 


Northing component of target 
location error. 


TGT(I,23) 


Category of the target for targets 
of opportunity. If target is not 
of this type, the entr>^ is insignificant. 


TGT(I,2A) 


Length of the target measured in meters. 


TGT(I,25) 


Depth of the target measured in meters. 


TGT(I,26) 


Number of individual target elements. 


TGT(I,27) 


Target density measured in elements 
per square meter of target area. 




7A^ 



TGT(I,28) 


For a target of opportunity, this 
entry is the identifier for the 
adjusting artillery unit. Otherwise, 
the entry is insignificant. 


TGT(I,29) 


Initial engagement range from the 
adjusting unit to the adjusting point. 


TGT(I,30) 


Number of volleys fired in the 
adjusting phase. 


TGT(I,31) 


Strategy used in the fire for 
effect phase. 


TGT(I,32) 


Number of volleys fired in the fire 
for effect phase. 


TGT(I,33) 


Percent casualties inflicted. 


TGT(I,34) 


Rounds per casualty inflicted. 


TGT(I,35) 


The total engagement time measured 
in seconds. 


TGT(I,36) 


The kill rate measured in casualties 
per second of engagement. 


TGT(I,37) 


Time the engagement began. 


TGT(I,38) 


Information bit for the first volley 
in the fire for effect phase. This 
entry is 1 if the current volley is the 
initial volley. Otherwise, the 
entry is 0, 


TGT(I,39) 


This entry has significance only in 
the case where the target is either a 
scheduled or preparatory target. When 
the target is planned, this entry has 
value 1, WTien firing responsibility 
has been determined, this entry is 0, 



Note: Storage areas not identified explicitly above are open 

storage areas. 
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APPENDIX A 
PRDATA TABLE 

PRDATA is a four-dimensional table (3x7x20x10) which is the 
storage medium for the probability distributions corresponding to 
discrete random variables and the distribution parameters for the 
continuous variables. PRDATA is divided into three sub-tables. 
Table entries for each of the tables are identified as follows: 



TABLE 1 

Name Note 

PRDATA(l,I,2,l-4) 1 

PPvDATA(1,I,3,1-4) 1 

PRDATA(l,I,4,l-4) 1 



PRDATA(l,I,5,l-4) 1 



PRDATA(l,I,6-l-8) 



Description 

Parameters for the truncated 
normal distribution correspond- 
ing to the length of the front 
line for Unit I. 

Parameters for the truncated 
normal distribution correspond- 
ing to the objective distance 
in meters for Unit I. 

Parameters for the truncated 
normal distribution correspond- 
ing to the length of the 
obiective major axis for 
Unit I. 

Parameters for the truncated 
normal distribution correspond- 
ing to the length of the 
objective minor axis for Unit I. 

Probability mass points 
corresponding to the discrete 
random variable representing 
the number of targets Unit I 
will plan during the fireplanning 
process while in fireplanning 
State 1. 
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PRDATA(1,I,7,1-8) 


Same as PRDATA(1, I ,6 , 1^8) 
except the information pertains 
to fireplanning State 2. 


PRDATA(1,I,8,1-3) 


Probability a target planned by . 
Unit I in fireplanning State 1 
will fall in one of the follow- 
ing categories: 

1 - Preparatory 

2 - Scheduled 

3 - On-Call 


PRDATA(1,I,9,1-3) 


Same as PRDATA(1,I ,8, 1-3) 
except the appropriate 
fireplanning state is State 2. 


PRDATA(1,I,10,1-3) 


Given that a target planned by 
Unit I in fireplanning State 1 
is a preparatory target, the 
probability that the target is 
located: 

1 - On the objective 

2 - Between LD and objective 

3 - Beyond the objective 


PRDATAd, 1,11,1-3) 


Same as PRDATA(1 , I , 10 , 1-3) 
except that the fireplanning 
state is State 2, 


PRDATA(l,I,12,l-3) 


Same as PRDATA (1,1 ,10,1-3) 
except the target type is 
scheduled. 


PRDATAd, 1, 13, 1-3) 


Same as PFvDATA(l, 1 , 11 , 1-3) 
except the target type is 
scheduled . 


PRDATA(l,I,14,l-3) 


Same as PRi:)ATA(l,I,10,l-3) 
except the target type is on-call 


PRDATA(l,I,15,l-3) 


Same as PRDATA(1,1 , 11, 1-3) 
except the target type is on-call 


PRDATAd, 1, 16, 1-2) 


2 The lower and upper bounds for 

the uniform variate representing 
the movement rate for Unit I. 
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PRDATA(1,I,17,1“A) 



3 



PRDATA(l,I,18,l-8) 



PRDATA(l,I,19,l-8) 



The parameters for the truncated 
noirmal distribution corresponding 
to the lateral displacement of the 
objective of Unit I from the unit 
center line* 

Values for the discrete random 
variables representing the 
number of targets Unit I plans 
during the fireplanning process 
when the unit is in fireplanning 
State 1. These entries correspond 
to the probability mass values 
stored in PRDATA(1 , I ,6 , 1-8) 

Same as PRDATA(1, I ,18, 1-8) 
except the data pertains to 
fireplanning State 2. These 
entries correspond to the 
probability mass values stored 
in PPJ)ATA(l,I,7,l-8) 



PRDATA(2,1,A,1-A) 



PRDATA(2,1,5,1-A) 



PRDATA(2,l,6,l-4) 



PRDATA(2,1,8,1-A) 



TABLE 2 

3 The parameters for the truncated 

normal distribution corresponding 
to the lateral displacement of the 
position area for an artillei^ 
battery about the center line 
of the supported unit. 

A The parameters for the truncated 

normal distribution corresponding 
to the depth displacement of an 
artillery unit behind the front 
line of the supported unit. 

1 Parameters for the truncated 

normal distribution corresponding 
to the movement rate in kilometers/ 
hour for an artillery battery. 

1 Parameters for the truncated 

normal distribution corresponding 
to the emplacement time for an 
artillery battery measured in 
seconds . 
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PRDATA(2,1,9,1-A) 



PRDATA(2,I,10,l-4) 



PRDATA(2,I,ll-15,l-4) 



PRDATA(2,4,2,1"4) 



PRDATA(2,4,3,l-4) 



PRDATA(2,4,4,l-4) 



PRDATA(2,l,5,l-4) 



5 Parameters for the truncated 
normal distribution corresponding 
to the component error in easting 
and northing between the assigned 
location for the unit and the 
actual occupied location, 

6 The lower and upper bounds for 
the uniform variate correspond- 
ing to the coordinates of 
weapon 1 in Battery I. The 
coordinates are measured in 

the coordinate system with origin 
at the battery center and positive 
y axis aligned along the assigned 
azimuth of lay for the battery. 

6 Same as PRDATA(2 , I , 10 , 1-4) 

except the information pertains 
to weapons 2-6 in Battery 1. 

1 Parameters for the truncated 

normal distribution corresponding 
to the time required for the 
fon^?ard observer to prepare a 
request for fire for a target 
of opportunity. Tlie time incre- 
ment is measured in seconds. 

1 Same as above except the time 

increment is the time measured 
in seconds for the fon^ard 
observer to transmit the request 
for fire to the Fire Direction 
Center . 

1 Same as above except the time 

increment is the target analysis 
time in the Fire Direction Center. 
During this time period, the 
target is analyzed and units 
are selected to engage and/or 
adjust when appropriate. 

1 Same as above except the time 

increment is the time required 
for an adjusting unit to prepare 
and fire a volley in adjustment. 
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PRDATA(2,1,6,1-A) 



PRDATA(2,l,7,l-4) 



PRDATA(2,1,8,1-A) 



PRDATA(2,1,9,1-A) 



PRDATA(2,A,10,1-A) 



PRDATA(2,A,11,1-A) 



PRDATA(2,A,12,1-A) 



PRDATA(2,A,13,1-A) 



1 Same as above except the time 

increment is the time required 
for the forward observer to 
make adjustment corrections 
and transmit them to the 
Fire Direction Center. 

1 Same as above. Time increment 

is the time required for the 
FDC to compute new adjusting 
data and transmit to the adjust- 
ing unit. 

1 Same as above except the time 

increment is that time required 
for the FDC to select a mass 
point in the fire for effect 
phase, compute the data, and 
send the data to the firing units. 

1 Same as above except the 

time increment is the time 
required for firing a unit 
to prepare and fire a volley 
in the fire for effect phase 
when the firing data is the 
same as that for the previous 
round . 

1 Same as above except the time 

increment is that time required 
for a firing unit to prepare 
and fire a volley in the fire 
for effect phase when the 
firing data has been changed. 

1 Same as above except the time 

increment is the time required 
for the reinforcing artillery 
unit to engage a target of 
opportunity. 

1 Same as above except the time 

increment is the time required 
for the reinforcing artillery 
unit to shoot a scheduled target. 

1 Same as above except the time 

increment is the time required 
for the reinforcing artillery 
unit to shoot a preparatory target. 
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PRDATA(2,5,2,l-4) 



PRDATA(2,5,3,1-A) 



PRDATA(2,5,A,1-A) 



PRDATA(2,5,5,1-A) 



7 Parameters for the truncated 

normal distribution corresponding 
to the deflection deviation error 
in target location for a target 
of opportunity* 

7 Parameters for the truncated 

normal distribution corresponding 
to the range error in target 
location for a target of oppor- 
tunity, 

7 Parameters for the truncated 

normal distribution correspond- 
ing to the deflection error 
in burst location sensing by 
the foTOard observer. 

7 Parameters for the truncated 

normal distribution correspond- 
ing to the range error in burst 
location sensing by the forward 
observer . 



PRDATA(3,1,1,1-A) 



PRDATA(3,1,2,1-A) 



PRDATA(3,1,3,1-A) 

PRDATA(3,1,A,1-A) 

PRDATA(3,1,5,1-A) 



TABLE 3 

1 Parameters for the truncated 

normal distribution correspond- 
ing to the lateral length in 
meters for a Category I target. 

1 Parameters for the truncated 

normal distribution correspond- 
ing to the depth of Zone 1 in 
meters for a Category I 
target . 

1 Same as PRDATA(3,1,2,1-A) 

except the zone is Zone 2. 

1 Same as PRDATA(3,1,2,1-A) 

except the zone is Zone 3. 

1 Same as PRDATA(3,1,1,1~A) 

except the target is a Category II 
target , 

1 



PRDATA(3,1,6,1-A) 
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Same as PRDATA(3,1,2, 1-A) 
except the data is for a 
Category II target. 



PRDATA(3,1,7,1-4) 1 
PRDATA(3.1,8,1-4) 1 
PRDATA(3,l,9,l-2) 2 

PRDATA(3,1,10,1-2) 2 



PRDATAC3, 1,11,1) 
PPJ)ATA(3,2,J,l-2) 

PRDATA(3,2,9,l-8) 

PRDATA(3,2,10,l-8) 

PRDATA(3,2,ll,l-8) 

PRDATA(3,2,12,l-8) 

PRDATA(3,2,13,l-8) 



Same as PRDATA(3, 1, 3, 1-4) 
except the data is for a 
Category II target. 

Same as PRDATA(3, 1, 4 , 1-4) 
except the data is for a 
Category II target. 

The lower and upper bounds on 
the uniform variate representing 
the number of target elements 
in a target of Category I. 

Same as PRDATA(3, 1,9 , 1-2) except 
the data pertains to a Category II 
target . 

Probability that a random target 
is a Category I target. 

The length and width of the 
aimpoint rectangle for Strategy J. 
J=2,8. 

The probability mass values 
associated with the selection 
of each of the strategies 
for a fire for effect mission. 

Probability mass values 
corresponding to the values 
of the discrete random variable 
representing the number of 
volleys in fire for effect for 
an adjustment mission. 

The values of the discrete 
random variable corresponding 
to the mass function in 
PRDATA(3,2,10,l-8) . 

Same as PRDATA(3, 2 , 10 , 1-8) 
except for the scheduled type 
target. 

Same as PRDATA(3,2,ll,l-8) 
except for the scheduled type 
target . 



82 



PRDATAC 3, 2,14,1-8) 



Same as PRDATA(3,2 ,9 , 1-8) 
except the type target is 
scheduled • 



NOTES 



1 - Data is entered in the following order: mean, variance, lower 

bound, upper bound. 

2 - Data is entered in the following order: lower bound, upper bound. 

3 - The lower bound and the upper bound correspond to the lateral 

boundaries of the maneuver element involved. 

4 - The lower bound is a point a distance equal to the maximum range 

behind the fireplanning center of the supported unit. The upper 
bound is the supported unit fireplanning center. 

5 - The lateral bounds on the easting component of error are the same 

as in Note 3. The bounds on the northing component are as described 
in Note 4. 

6 - Data is entered in the follcn^^ing order: lower bound on y coordinate, 

upper bound on y coordinate, lower bound on x coordinate, upper 
bound on x coordinate. 

7 - In each case, the distribution mean is 0 and the variance is a 

linear function of the appropriate distance. Data is entered 
in the following order: a, b, c, d where 

a = Intercept of the linear function Var = a+b(dist) 

b = Slope of the above function 

c = 0 

d = Absolute value of upper bound on the error component 
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APPENDIX A 
MISCELLANEOUS 

Descriptions of the principal miscellaneous variables in the 



model are: 




Name 


Description 


ITGT 


Target number of the last target 
generated at any particular 
point in time. 


IR(Xi7 


Tlie row number of the current event 
in the event list. 


CTIME 


Current time. 


TINC,TOPT,SHOUR 


General purpose time variables. 


J100.J200 


General purpose counting variables. 


EXMN 


Tlie mean intergeneration times for 
targets of opportunity. This 
increment is exponentially distributed 


XLETH 


Tlie parameter "g” in the general 
lethality fucntion 

^ 2 

f(x) = e 

8 

where *‘x" is the radial miss distance 
and f(x) is the probability a target 
element located a distance "x” 
away from the burst point becomes 
a casualty. 


XTLETH 


General purpose variable. 


NU 


The current seed for the random 
number generator. 
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FD105(I,J,K) 


The ballistic firing parameters. 

I refers to charge, J is the range 
increment, and K indexes the type 
data, i.e., 

1 - Range Probable Error 

2 ~ Deflection Probable Error 

3 - Time of Flight 


SUP(I) 


General storage for information 
pertaining to the reinforcing 
artillery unit. 


RMAX 


The maximum range of the artillery 
weapons. 


NGUNS 


Number of guns in the artillery 
batteries. This is preset at 
value of 6. 


Q(I) 


Current length of each of the queues 


QUES(I,J,K) 


Temporary storage area for event 
vectors corresponding to targets 
in queue. 


NCIIGS 


Tlie number od charges available. 


NRINC 


Tlie number of range increments 
for the ballistic data. 


STAT(I,1) 


Cumulative queue length for 
queue I. 


STAT(I,2) 


Number of times the queue length 
has been sampled for queue I. 


STAT(I+4,1) 


Cumulative time spent in queue I 
for targets entering queue I. 


STAT(I+4,2) 


Number of targets entering queue I. 


STAT(9,1) 


Cumulative number of casualties 
inflicted on targets of opportunity. 


STAT(9,2) 


Cumulative engagement time for 
targets of opportunity. 


STAT(lO.l) 


Cumulative rounds fired on target 
of opportunity. 


STAT(10,2) 


Cumulative number of casualties 
inflicted on targets of opportunity. 

85 



APPENDIX B 



Model Input Parameters 



Model input parameters must be arranged in accordance with this 
appendix. 



Card # 


Columns 


Type/Format 


Description 


1 


1-10 


F10.2 


Distribution mean for the 
random variable (r.v.) of 
front line length for a 
company size element. 




11-20 


F10.2 


Distribution variance for 
front line length for a 
company size element. 




21-30 


F10.2 


Lower bound on front line 
length for a company size 
element . 




3 1-/(0 


F10,2 


Upper bound on front line length 
for company size element. 


2 


1-10 


F10.2 


Distribution mean for the r.v. 
representing the objective 
distance for a company size 
element. 




11-20 


F10.2 


Variance for objective distance 
for company size element. 




21-30 


F10.2 


Blank 




31-AO 


F10.2 


Upper bound on objective distance 
for company size element. 


3 


1-10 


F10.2 


Distribution mean for the r.v. 
representing the length of the 
major axis of the unit objective 
for a company size element. 




11-20 


F10.2 


Variance in length of objective 
major axis for company size element. 



3 


21-30 


F10.2 


Lower bound on length of 
objective major axis for 
company size element. 




31-40 


F10.2 


Upper bound on length of 
objective major axis for company 
size element 


A 


1-10 


F10.2 


Distribution mean for r.v. 
representing the length of 
the minor axis for a company 
size objective. 




11-20 


F10.2 


Variance in length of minor axis 
for a company size objective. 




21-30 


F10.2 


Lower bound on length of the 
objective minor axis for company 
size element. 




31-40 


F10.2 


Upper bound on length of 
objective minor axis for 
company size element. 


5-8 


1-40 


4F10.2 


Same Information as on cards 
1-4 except for the appropriate 
unit size is battalion. 


9-12 


1-40 


4F10.2 


Same information as on cards 
1-4 except unit is brigade size. 


13 


1-10 


F10.2 


Lower bound on the r.v. 
representing the company 
movement rate expressed in 
kilometers /hour . 




11-20 


F10.2 


Upper bound on company movement 
rate . 


14 


1-10 


F10.2 


Distribution variance for the 
r.v. representing the deviation 
of the location of the objective 
center about the unit center line 
in easting. Data is for a 
company size element. 




11-20 


F10.2 


Same as for columns 1-10 



except that the data is for 
a battalion size element. 
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14 



21-30 



F10.2 Same as for colums 1-10 

except the appropriate unit 
size is brigade. 



15 


1-80 


8F10.2 


Values of the discrete r.v. 
representing the number of 
targets a company size 
element will plan while conducting 
fireplanning in fireplanning state 
Eight values may be entered. 


16 


1-80 


8F10.2 


Probability mass associated with 
each of the values entered on 
card 15. 


17 


1-80 


8F10.2 


Same information as card 15 
except the appropriate unit 
fireplanning state is state 2. 


18 


1-80 


8F10.2 


Same as card 16 except the 
fireplanning state is state 2. 


19 


1-10 


F10.2 


Probability that a randomly 
selected target planned by 
a company size element in 
fireplanning state 1 is a 
preparatory target. 




11-20 


F10.2 


Probability that a randomly 
selected target planned by 
a company size element in 
fireplanning state 1 is a 
scheduled, non-preparatory 
target. 




21-30 


F10.2 


Probability that a randomly 
selected target planned by a 
company size element in 
fireplanning state 1 is an 
on-call target. 


Note : 


Entries must 


sum to 1.0 




20 


1-30 


3F10.2 


Same as card 19 except that 
the fireplanning state is 
fireplanning state 2. 


21 


1-10 


F10.2 


Probability that a randomly 



selected company planned 
preparatory target, planned in 
fireplanning state 1, is located 
on the company objective. 
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11-20 


F10.2 


Same as columns 1-10 except 
that the location category is 
between the LD and the objective 


21 


21-30 


F10.2 


Same as columns 1-10 except 
that the location category is 
beyond the objective. 


22 


1-30 


3F10.2 


Same information as on card 
21 except that the fireplanning 
state is state 2. 


23 


1-30 


3F10.2 


Same as card 21 except that 
the target is a scheduled, 
non-preparatory target, and 
the fireplanning state is 
state 1. 


24 


1-30 


3F10.2 


Same as card 21 except that 
the target is a scheduled, 
non-preparatory target, and 
the fireplanning state is 
state 2. 


25 


1-30 


3F10.2 


Same as card 21 except that 
the target is an on-call 
target and the fireplanning 
state is state 1. 


26 


1-30 


3F10.2 


Same as card 21 except that 
the target is an on-call 
target and the fireplanning 
state is state 2. 


27-38 


1-80 


8F10.2 


Same as cards 15-26 except 
that the unit size is battalion. 


39-50 


1-80 


8F10.2 


Same as cards 15-26 except 
that the unit size is brigade. 


51 


1-10 


F10.2 


Blank 




11-20 


F10.2 


Distribution variance for the 
r.v. representing the deviation 
of the location of the battery 
assigned position in easting 
about the supported unit center 
line . 




21-80 


89 


Blank 



52 


1-10 


F10.2 


Distribution mean for the 
r,v. representing the distance 
of the assigned battery center 
behind the front line of the 
supported unit. 




11-20 


F10.2 


Variance in the distance of 
the assigned battery center 
behind the front line. 


53 


1-10 


F10.2 


Distribution mean for the 
random variable representing 
the time required for the 
battery to march order, 
measured in seconds. 




11-20 


F10.2 


Distribution variance for 
battery march order time. 




21-30 


F10.2 


Lower bound on battery march 
order time, measured in seconds. 




31-40 


F10.2 


Upper bound on battery march 
order time measured in seconds. 


54 


1-10 


F10.2 


Distribution mean for the r.v. 
representing the battery movement 
rate, measured in kilometers/hour. 




11-20 


F10.2 


Distribution variance for the 
battery movement rate. 




21-30 


F10.2 


Lower bound on the battery 
movement rate. 




31-40 


F10.2 


Upper bound on the battery 
movement rate. 


55 


1-10 


F10.2 


Distribution mean for the 
r.v. representing the time 
required for the artillery 
battery to emplace its weapons. 
The time is measured in seconds. 




11-20 


F10.2 


Variance in battery emplacement 
time . 




21-30 


F10.2 


Lower bound on battery 



emplacement time. 



90 



I 

i 



31-40 



56 



1-10 

11-20 



F10.2 

F10.2 

F10.2 



57 



21-30 

31-40 

1-10 



F10.2 



F10,2 



11-20 



21-30 



F10.2 



F10.2 



58 



59 



60 



31-40 



1-40 



1-40 



1-40 



F10.2 



4F10.2 



4F10.2 



4F10.2 



Upper bound on battery 
emplacement time. 

Blank 

Distribution variance for 
the r.v. representing the magni- 
tude of the X and y components 
of error in locating the battery 
position center. 

Blank 

Upper bound on the x and y 
components of error, 

Lower bound on the r.v, 
representing the y coordinate 
of weapon number 1 in the 
coordinate system with origin 
at the batter)^ geometrical 
center and the positive y axis 
as the direction of fire. 

Upper bound on the r.v. 
representing the y coordinate 
of weapon number 1. 

Lower bound on the r.v. repre- 
senting the X coordinate of 
weapon number 1 in the coordinate 
system previously described. 

Upper bound on the r,v, 
representing the x coordinate 
of v/eapon number 1. 

Same information as card 57 
except the data pertains to 
weapon number 2. 

Same information as card 57 
except the data pertains to 
weapon number 3. 

Same information as card 57 
except the data pertains to 
weapon number 4. 
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1-40 

I- 40 
1-10 

II - 20 
21-30 

1-40 

1-40 

1-40 

1-40 



4F10.2 



4F10.2 



F10.2 



F10.2 



Same information as card 
58 except the data pertains 
to weapon number 5* 

Same information as card 
57 except the data pertains 
to weapon number 6. 

Distribution mean for the r.v. 
representing the time required 
for the fon^7ard observer to 
prepare a fire mission request 
for a target of opportunity. 
Time is measured in seconds. 

Distribution variance for the 
above . 



F10.2 



4F10.2 



4F10.2 



4F10.2 



4F10.2 



Lower bound on the time 
required for the forward 
observer to prepare a fire 
mission request, measured in 
seconds . 

Same as for card 63 except that 
the time increment is the time 
required for the fon>7ard 
observer to transmit the request 
for fire to the Fire Direction 
Center. Tlie increment is 
measured in seconds. 

Same as card 63 except the time 
increment is the time required to 
analyze the target, select units 
to engage the target, and select 
a unit to adjust. 

Same as card 63 except that 
the time increment is the time 
required for the adjusting unit 
to prepare and fire a volley in 
adjustment . 

Same as card 63 except the time 
increment is the time required 
for the fon-7ard observer to 
determine the adjustment corrections 
and fonc^ard them to the fire 
direction center. 



1-AO 



1-40 



1-40 



1-40 



1-40 



1-40 



1-40 



1-10 



4F10.2 



4F10.2 



4F10.2 



4F10.2 



4F10.2 



4F10.2 



4F10.2 



F10.2 



Same as card 63 except the time 
increment is the time required 
for the fire direction center to 
compute adjustment corrections 
and transmit new firing data 
to the adjusting unit. 

Same as card 63 except the time 
increment is the time required 
for the fire direction center to 
select a mass point, compute the 
firing data, and transmit the 
fire commands to the firing units 

Same as card 63 except the time 
increment is the time required 
for the firing unit to prepare 
and fire a volley in the fire 
for effect phase when the firing 
data is different from that used 
for the previous volley. 

Same as card 63 except the time 
increment is the time required 
for a firing unit to prepare and 
fire a volley in the fire for 
effect phase when the firing data 
has not changed. 

Same as card 63 except the time 
increment is the time required 
for the reinforcing artillery 
unit to conduct an engagement 
of a target of opportunity. 

Same as card 63 except the time 
increment is the time required 
for the reinforcing artillery 
unit to conduct an engagement of 
a scheduled target. 

Same as card 65 except the time 
increment is the time required 
for the reinforcing artillery 
unit to conduct an engagement 
of a preparatory target. 

Intercept for the linear 
function representing the 
distribution variance for the 
deviation component of target 
location error. 



11-20 
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77 



78 
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Note; 
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81 



82 



83-85 



86 



21-30 

31-40 

1-40 

1-40 

1-40 



1-10 



11-20 



F10.2 Slope for the above function. 

F10.2 Blank 

F10.2 The upper bound on the deviation 

error described above. 

4F10.2 Same as card 75 except the data 

is for the range component of 
target location error. 

4F10.2 Same as card 75 except the data 

is for the deviation component 
of burst location error. 

4F10.2 Same as card 75 except data is 

for the range component of burst 
location error. 

F10.2 Width of fire for effect rectangle 

corresponding to fire for effect 
strategy 2. 

F10.2 Depth of fire for effect rectangle 

above . 



Strategy 1 is defined internally in the model and corresponds 
to that strategy which specifies that each volley in the fire 
for effect phase is fired at the adjusted target location or 
the reported target location as appropriate for the mission. 



1-20 2F10.2 



1-20 2F10.2 



1-20 2F10.2 



1-20 2F10.2 



1-80 8F10.2 



Same as card 79 except the 
information pertains to 
strategy 3. 

Same as card 79 except the 
information pertains to 
strategy 4. 

Same as card 79 except the 
information pertains to 
strategy 5. 

Same as card 79 except the 
information pertains to 
strategies 6-8. 

Probability mass values correspond- 
ing to the adoption of each of the 
8 attach strategies when firing 
for effect on a target of opportunity. 
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\ I 



'I 

i: 



87 



1-80 



8F10.2 



88 1-80 8F10.2 



89 1-80 8F10.2 



90 1-80 8F10.2 

91 1-80 8F10.2 

92 1-10 110 

11-20 110 

93 1-10 F10.2 

94-N 1-80 8F10.2 



Values of the discrete random 
variables corresponding to 
the number of volleys to be 
fired in effect when a target 
of opportunity is being engaged. 

Probability mass values correspond- 
ing to each of the values described 
for card 87. 

Values of the discrete random 
variable corresponding to the 
number of volleys to be fired 
in effect when a scheduled target 
is being engaged . 

Probability mass values correspond- 
ing to each of the values described 
for card 89. 

Probability mass values correspond- 
ing to the adoption of each of the 
8 attack strategies when firing 
for effect on a scheduled target. 

The number of charges for which 
ballistic firing data is to be 
entered . 

Tlie number of range increments 
to be used. Each range incre- 
ment is assigned a value of 
500 meters. 

Maximum effective range for the 
artillery weapon being considered. 
Must equal the number of range 
increments times 500. 

See Block Description below. 



BLOCK DESCRIPTION: The weapon ballistic firing parameters are 

input in this block of data. The data is organized into sub- 
blocks by charge. Data within each sub-block is entered in the 
following order: range probable errors, deflection probable 

errors, and last, time of flight. For each category, i.e., 
probable errors, etc., exactly NRINC data points must be provided. 
In the event that some particular charge cannot achieve a range 
greater than, say, ROTO, then enter the value 1000. For each 
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range probable error entry after the entry corresponding to RTOT, 
a value of 0 suffices for the entry corresponding to deflection 
probable error and time of flight. 



N+l 


1-10 


110 


Tlie seed for the random 
number generator. 




11-20 


110 


Enter the value 6. 


N+2 


1-10 


110 


Probability that a random 
target is of size category I. 


N+3 


1-10 


F10.2 


Distribution mean for the 
random variable representing 
the lateral length of a target 
of size category I. The data 
is entered in meters. 




11-20 


F10.2 


The distribution variance for 
the above. 




21-30 


F10.2 


Lower bound on the lateral 
length of target of size 
category I, 




31-40 


F10.2 


Upper bound on the lateral 

length of target of size category I. 


N+4 


1-40 


4F10.2 


Same information as card N+3 
except the data pertains to the 
depth of Zone 1 for a Category I 
target. 


N+5 


1-40 


4F10.2 


Same as card N+3 except the 
data is for Zone 2. 


N+6 


1-40 


4F10.2 


Same as card N+3 except the 
data is for Zone 3. 


(N+7)-(N+10) 


1-40 


4F10.2 


Same as cards (N+3) -(N+6) 
except data pertains to 
Category II target. 


N+11 


1-10 


F10.2 


Lower bound on the number 
of target elements in a 
target of Category I. 




11-20 


F10.2 


Upper bound on the number 



of target elements in a 
target of Category I. 
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N+12 



1-20 



2F10.2 



Same as card N+11 except the 
data applies to a target in 
Category II. 



A sample input deck is shown in the attachment hereto. 
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APPENDIX C 



Model Output 

Extracts of the output for a sample computer run are attached as 
a tab hereto* The output report is organized according to the follow 
ing scheme: 

Part I Input Parameters 



Section I 


Maneuver Element Parameters 


Section II 


Fireplanning Parameters 


Section III 


Artillery Unit Parameters 


Section IV 


Fire Mission Processing Parameters 


Section V 


Target Characteristic Parameters 


Section VI 


Target Attack Strategy Parameters 


Section VII 


Artillery Ballistic Data 


Section VIII 


Burst Lethality Data 



Part II Initial Situation 



Section I 


Initial Maneuver Element Dispositions 


Section II 


Initial Artillery Unit Dispositions 



Part III Initial Fire Plan 

Part IV Run Results 



Section I 


Event Vector Listing 


Section II 


Targets of Opportunity Engaged 


Section III 


Scheduled and Preparatory Targets Engaged 


Section IV 


Reinforcing Unit Targets 


Section V 


Summary Data 
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BASIC ‘^AMlJVFk eieMfM PARA^FTTPS 
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APPENDIX D 



Event Vector Guide 



The model event chain resides in the array EVLIST which is 
dimensioned 250x50« Each time a requirement for some future event is 
generated, an event vector is initialized. Each time the next event 
in time is selected from the EVI.IST array, the vector is stored 
temporarily as the row vector CEVENT. Tliis appendix describes the 
relevent storage locations for each of the type events in the model. 
Tabs to this appendix describe the event vector location descriptions 
according to the scheme below: 



Tab Description 

1 Target Analysis 

Shooting Event 
Damage Assessment 

2 Tactical Situation Update 

Current Artillery Position Evaluation 
Target of Opportunity Generation 
On-Call Target Conversion 
Queue Checking Event 
Storage Maintenance 

3 Weapon Positioning 

Fireplanning Event 
Fire Allocation 

Reinitialize Unit Status Flags 
Disengage a Maneuver Element 
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Tab 1 



APPENDIX D 

Target Analysis 
Shooting Event 
Damage Assessment 



The storage locations in the event vector are identified as 
follows for the above events: 



Description 

Time the event will take place. 
Routine code. 

Target number of the target 
in question. 

Row in the target history array 
(TGT) where the target information 
is being stored. 

Row in the target description 
array where position information 
on the target elements is stored. 

Easting component of the reported 
target location. 

Northing component of the 
reported target location. 

Maneuver element being supported. 

Artillery unit scheduled to fire. 



Storage Location 
1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 



Number of rounds 
will fire on the 

Number of rounds 
will fire on the 

Number of rounds 
will fire on the 



that Battery 1 
next volley. 

that Battery 2 
next volley. 

that Battery 3 
next volley. 
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lA 

15 

16 



17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 
29 



Number of casualties inflicted. 

Time the mission was terminated. 

Time for the maneuver element to 
become disengaged. 

Adjustment completion code. This 
entry is 1 if no adjustment is 
taking place or if the adjustment 
is completed. If these are not the 
case, the value is 0, 

Initial fire request code. If the 
request is an initial request, this 
entry is 1. If not, the entry is 0, 

Number of target elements in the 
target complex. 

The time the engagement was initiated. 

Open Storage. 

Priority of the target. 

Number of volleys remaining for 
Battery 1 to fire. 

Number of volleys remaining for 
Battery 2 to fire. 

Number of volleys remaining for 
Battery 3 to fire. 

Strategy identifier for the strategy 
to be used in fire for effect phase. 

Variance of the distribution of 
range error for Battery 1. 

Variance of the distribution of 
range error for Battery 2. 

Variance of the distribution of 
range error for Battery 3. 

Variance of the distribution of 
deflection error for Battery 1 
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30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 



Variance of the distribution of 
deflection error for Battery 2, 

Variance of the distribution of 
deflection error for Battery 3. 

Easting coordinate of the initial 
fire for effect airapoint. 

Northing coordinate of the initial 
fire for effect aimpoint. 

Principal artillery unit involved 
in the mission. 

Cumulative rounds fired on the 
target. 

Easting coordinate of the actual 
target location. 

Northing coordinate of the actual 
target location. 

If Battery 1 is committed to the 
mission, this entry is 1. 0ther\^7ise, 
the entry is 0. 

If Battery 2 is committed to the 
mission, this entry is 1. Otherwise, 
the entry is 0. 

If Battery 3 is committed to the 
mission, this entry is 1. Otherwise, 
the entry is 0. 
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Tactical Situation Update 
Current Artillery Position Evaluation 
Target of Opportunity Generation 
On-Call Target Conversion 
Queue Checking Event 
Storage Maintenance 



For the above events, the storage locations in the CEVENT 
vector have the following significance: 



Storage Location 



Description 



1 



Time the event will take place. 



2 



Routing code appropriate to the 
particular event. The routing 
code corresponds to the IKEY 
variable in the main program. 
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Tab 3 



APPENDIX D 

Weapon Positioning 
Fireplanning Event 
Fire Allocation 
Reinitialize Unit Status Flag 
Disengage a Maneuver Element 



The storage locations in the CEVENT vector have the following 



descriptions for the above events: 



Storage Location 



Descrip tlon 



1 Time the event will take place. 

2 Routing code . 

3 Specific unit involved. 

4 Has significance only for the 

fire allocation event and specifies 
the time for reinitialization of the 
attack. 
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APPENDIX E 



Computer Program 

This appendix contains the complete program to include the 
necessary job control cards for the IBM 360 computer, Tlie program- 
ming language used is FORTRAN IV. 

The program contains all the subroutines necessary for random 
number generation. The pseudorandom numbers used in the program are 
generated using a congruential method. The routine which 
generates the random numbers is the UGEN routine. Normal variates 
are generated by the NGEN routine and the truncated normal variates 
are generated by the TNGEN routine. The exponential variates are 
generated by the EXPON routine, Tlie methods used to generate the 
standard normal, exponential, and uniform variates are as described 
by Naylor (1). Truncated normal variates are generated using a rejec- 
tion technique. Under this method, variates are generated until one 
falls within the limits defined for the variable. All numbers generated 
prior to the selected number are discarded. 

The random number generator, UGEN, is initialized by specifying 
a seed, NU, which is an input parameter to the program. Any positive 
number can be selected for NU. The characteristics of mixed congruential 
generators are such that only through empirical testing can one have 
confidence in the statistical properties of sequences generated by this 
method . 
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DEFINE ATTITUDE AND AXIS LENGTH FOR EACH OBJECTIVE 
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